Abstract
Background Although anti-VEGF therapy of exudative AMD with bevacizumab and ranibizumab proved efficacious in the majority of patients, CNV activity does not respond to continued treatment after repeated injections in a considerable amount of patients. These are referred to as nonresponders. A change of the drug to bevacizumab or ranibizumab could possibly offer an alternative option for the treatment of nonresponding exudative AMD.
Methods and materials A total of 138 nonresponders who switched therapy from bevacizumab to ranibizumab (n ¼ 114) or vice versa (n ¼ 24) were included in a retrospective study. Visual acuity (VA) and foveal thickness before and after the switch of therapy were compared. By means of linear regression analysis, we analyzed possible prognostic factors associated with a favorable outcome for visual acuity.
Results Linear regression analysis revealed a statistically significant benefit for nonresponders when treatment was changed to a different anti-VEGF drug (bevacizumab or ranibizumab). VA at the time of the switch was positively correlated with a beneficial development of VA after changing the drug. There was no significant correlation with age, macular thickness, number of injections before the switch, or the development of VA under treatment before the switch. Both patients switching to Avastin and Lucentis benefitted without statistically significant differences.
Conclusions An exchange of bevacizumab with ranibizumab or vice versa should be considered in nonresponders in the treatment of exudative AMD. Further prognostic factors may help to identify patients who might benefit from a switch. These factors should be investigated in further studies. 
Introduction
Intravitreal injections of anti-VEGF agents are now the standard in the treatment of exudative age-related macular degeneration (AMD). 1 Pegaptanib, an aptamer targeting VEGF-A165, was first approved for the treatment of AMD. 2 It has been succeeded by two drugs that have been more efficacious: the humanized IgG antibody bevacizumab (Avastin), and ranibizumab (Lucentis), containing only the antigen-binding part of the antibody. Although ranibizumab was presumed to have a better effect, on the basis of a higher affinity to the target VEGF, 3 two large head-to-head-studies demonstrated a comparable efficacy of the two drugs in the treatment of exudative AMD. [4] [5] [6] Recently, a third drug, aflibercept, has been approved for the treatment of exudative AMD and poses a new therapeutic option. However, still up to one-fourth of all treated patients do not benefit from intravitreal injections and visual acuity (VA) deteriorates even under treatment. This group has been described as nonresponders. Definitions for nonresponders vary, ranging from morphologic definitions (eg, remaining intra-or subretinal fluid (IRF or SRF) under treatment) to functional outcomes (eg, deterioration of best corrected visual acuity (BCVA) or even a stable BCVA without improvement) or combinations of both. Up to now, there is no consensus, whether and how nonresponders should be treated. Combinations with other treatment forms have been discussed, for example, combination with photodynamic therapy (PDT) or brachytherapy.
However, results have not been encouraging in patients with chronic AMD and there is currently no rationale to widely use these combinations in nonresponders. [7] [8] [9] [10] Increasing the dose of ranibizumab was efficacious in some patients. 11 After the FDA approval of ranibizumab, several groups reported about a switch from bevacizumab to ranibizumab 12, 13 and found a comparable effect after the switch, though not only nonresponders were included. Two groups demonstrated a beneficial effect for patients with chronic AMD, switching from ranibizumab to bevacizumab 14 and from ranibizumab to aflibercept. 15 In our retrospective study, we investigated the outcomes of patients identified as nonresponders switching from ranibizumab to bevacizumab or vice versa. We analyzed if the patients benefitted from the switch and evaluated prognostic factors that were supposed to help in identifying patients who might benefit from a change of the drug.
Materials and methods

Study design
The retrospective study was approved by the local ethics committee of the University of Freiburg, Germany. We obtained written informed consent on the anonymous analysis of clinical data in all patients. The study adhered to the Declaration of Helsinki.
The purpose of the study was to evaluate if patients who did not improve under therapy (nonresponders) with an anti-VEGF (bevacizumab or ranibizumab) agent improved after switching to the other drug, and if factors could be identified, which help to identify patients who might benefit from a switch.
Screening
All patients treated with bevacizumab and ranibizumab at the University Eye Hospital, Freiburg, were identified by a database search for the terms 'bevacizumab' and 'ranibizumab'. These subjects were entered into a database. Inclusion and exclusion criteria were checked for the identified subjects.
Inclusion criteria: patients who have been treated for exudative AMD with at least three consecutive monthly intravitreal injections with an anti-VEGF agent (bevacizumab or ranibizumab) and were unresponsive to treatment (no improvement or deterioration in visual acuity and morphology, ie, stable or increasing sub-or intraretinal fluid (SRF or IRF) as assessed by OCT). Patients switched to three monthly injections of the other agent with the first injection within 100 days after the last injection of the first agent. Exclusion criteria: indication other than AMD, other reasons for deterioration of BCVA (eg, change of lens status during the time of the study, uncontrolled glaucoma), any pre-treatment with intravitreal injections other than anti-VEGF, photodynamic therapy (PDT), or macular surgery, macular hemorrhage involving the fovea during the study, intraocular surgery during the course of the study (eg, cataract surgery). If both eyes fulfilled the inclusion criteria, only the eye that first received treatment was included.
Statistical analysis
We reviewed the medical records and collected data on BCVA and macular thickness from OCT measurements. We entered all intravitreal injections into the database. We assessed the date when bevacizumab was exchanged by ranibizumab or vice versa. The change of visual acuity in EDTRS lines that occurred before and after the switch of treatment was calculated. Central retinal thickness was determined over time. OCT measurements were performed with both the Stratus (Carl Zeiss Meditec, Oberkochen, Germany) and Spectralis (Heidelberg Engineering, Heidelberg, Germany) tomographers.
We compared BCVA in EDTRS lines before and after switch with the paired t-test for each group separately. Change in central retinal thickness was assessed accordingly.
We assessed by means of multiple linear regression analysis, whether age, current treatment (bevacizumab vs ranibizumab), logBCVA before treatment switch or central retinal thickness from the OCT are predictive for a gain in EDTRS lines after a treatment switch. The linear model was additionally adjusted for the OCT device (Stratus vs Spectralis).
Results
Search Results
In the screening, 435 patients were identified. Of those, 138 fulfilled the inclusion criteria, 114 in group 1 (switch from bevacizumab to ranibizumab) and 24 in group 2 (switch from ranibizumab to bevacizumab). Main reasons for exclusion were unsuitable therapy regimen (eg, more than 100 days between switch of anti-VEGF agent, or less than three monthly intravitreal treatments before or after switch), other additional underlying pathologies of the macula (eg, diabetic macular edema, macular pucker), ocular surgery during the time of switch (eg, cataract surgery), pre-treatment with PDT, triamcinolone, or Macugen, or macular hemorrhage in the fovea. VA and OCT data were available for 124 and 107 patients, respectively, in group 1 and all patients in group 2.
Switch of anti-VEGF agents in treatment of AMD C Ehlken et al 540
Eye
The characteristics for both groups are displayed in Table 1 . The groups differed significantly in VA and macular thickness in OCT at the time of the switch of medication (Po0.05). However, all other investigated parameters were similar in both groups.
Visual Acuity and macular thickness
The gain/loss in ETDRS lines before and after the switch for both groups is shown in Figure 1 . In group 1, while VA decreases slightly under treatment with bevacizumab, visual acuity improves significantly after the switch to ranibizumab (Po0.001). In group 2, VA decreases slightly under therapy with ranibizumab, and does not improve statistically significantly after switching from ranibizumab to bevacizumab (P ¼ 0.52).
The change of macular thickness before and after the switch is displayed in Figure 2 . In group 1, macular thickness decreases significantly after switching from bevacizumab to ranibizumab by a mean of 66 mm (Po0.001). In group 2, there is no statistical difference of macular thickness during the course of the therapy (mean change of 28 mm, P ¼ 0.67). Figure 3 shows the results for visual acuity and macular thickness, when both groups are combined.
Linear Regression Analysis of prognostic factors
Results of the multiple linear regression analysis of prognostic factors are shown in Table 2 . Of the included parameters, the VA at the time of switching the anti-VEGF therapy was statistically significantly positively correlated with the VA after the switch. A higher VA before switch was associated with a better outcome for the patient. Gain or loss of letters before the switch was not correlated with the outcome after the switch.
We did not observe a statistically significant association with the group (switch from bevacizumab to ranibizumab or vice versa) and the VA. Our model included the OCT manufacturer to control for a potential calibration bias. Macular thickness before the switch did not exert a statistically significant effect on VA.
Discussion
It is not known, yet, why some patients do not respond to anti-VEGF treatment or develop into nonresponders during the course of the treatment. Tachyphylaxis has been discussed to be important in the development of a resistance to intravitreal injections. 16, 17 However, the mechanisms are not clear. In some cases, high doses of ranibizumab (2.0 mg opposed to the regularly used 0.5 mg) could yield a response in patients with persisting SRF or IRF under monthly injections of ranibizumab. 11 Figure 1 Visual acuity before and after switch of therapy, groups 1 and 2. Change of visual acuity in lines after three injections before (left) and after (right) the switch from bevacizumab to ranibizumab (a, 124 patients) and from ranibizumab to bevacizumab (b, 24 patients).
Figure 2
Macular thickness before and after switch of therapy, groups 1 and 2. Change of macular thickness as measured by OCT after three injections before (left) and after (right) the switch from bevacizumab to ranibizumab (a, 107 patients) and from ranibizumab to bevacizumab (b, 24 patients).
Genetic variants of the VEGF gene 18 seem to alter the response to anti-VEGF treatment. Although both bevacizumab and ranibizumab bind VEGF, minor differences in the binding properties might explain a differential response to different anti-VEGF agents, and might offer the possibility of a response even in patients who developed a tolerance to one drug. In our study, nonresponders to either bevacizumab or ranibizumab benefitted from a switch to the other drug. Linear regression analysis revealed that VA at the time of the switch of medication was the only prognostic factor (of the ones analyzed) for the development of VA. Patients with a better VA had a better chance of gaining further after the switch. It did not matter if the patients had been treated with bevacizumab or ranibizumab before. This seems to contradict the results from the analysis of the two treatment groups, where a switch to bevacizumab appears to be less likely to end in a benefit for the patient (gain of 0.3 lines after switch to bevacizumab versus gain of 1.3 lines after switch to ranibizumab). However, this contradiction can be explained by the stage of disease at the time of the switch, as patients in group 2 (switch to bevacizumab) had a significantly lower VA and thus, regarding the linear regression analysis, a reduced chance of gaining VA. In addition to the lower VA, central foveal thickness was lower in group 2. Although morphologic data, such as scarring, or presence of SRF or IRF, have not been analyzed separately, this might be explained by a higher rate of patients with already (partially) scarred or fibrotic CNV, resulting in a poorer prognosis.
Visual acuity at the time of switch was identified as a prognostic factor, meaning that a better VA at the time of switch was correlated with a better response after the switch. However, there was no specific threshold in VA indicating a benefit after a switch of treatment. Thus, it is difficult to derive recommendations on the basis of VA in clinical practice. Morphologic parameters and spectral domain OCT have taken the main role for the controlling and management of therapy in responders, and a 'zero tolerance for fluid' was proclaimed as target of the therapy. 4 However, persisting IRF or SRF under therapy is an attribute of nonresponders and does not help in the decision whether further treatment is advised.
As far as we are aware, this is the first study reporting a considerable (4100 patients) study size of patients estimated as nonresponders switching from bevacizumab to ranibizumab.
The study is limited by its retrospective design. As bevacizumab was available first, this results in a difference between the two study groups, with more patients in the group switching from bevacizumab to ranibizumab than vice versa. In addition, as discussed above, groups differed significantly in the parameters VA and foveal thickness at the time of switch.
Central foveal thickness (as measured by OCT) was the only morphologic parameter chosen for this study. For further studies, additional criteria, such as the presence of intra-or subretinal fluid, pigment epithelium detachment, or subretinal fibrosis, should be added to the analysis.
There are two retrospective studies which reported about the results of patients switching from bevacizumab to ranibizumab, when the latter became available. 12, 13 Stepien et al 13 observed a similar response after switching to ranibizumab in 84 patients. Karagiannis et al 12 observed a transient decrease in VA and increase in macular thickness, interpreted as a transient 'instability' after switching to ranibizumab. Three of the included 34 patients developed a significant macular hemorrhage after switching to ranibizumab. However, both studies included patients not regarded as nonresponders, and response after switching to ranibizumab was to be expected. Almony et al 14 observed a beneficial effect of switching from ranibizumab to bevacizumab in 50 nonresponders. A failing response to ranibizumab was defined as no improvement in VA and no improvement in subretinal fluid in fluorescein angiography and OCT. After the switch, patients gained a mean of 0.3 lines, comparable with group 2 in our study, although results varied from a loss of two lines to a gain of four lines among the included patients.
Gasperini et al 16 reported on 26 nonresponders, defined as no improvement in sub-or intraretinal fluid, or pigment epithelium detachment. Eight of ten patients responded (ie, total or partial resolution of fluid in OCT) after switching to ranibizumab. Thirteen of sixteen eyes responded after switching from ranibizumab to bevacizumab.
Kumar et al 15 reported a significant improvement in visual and anatomical outcomes in 34 eyes with persistent subfoveal fluid formerly treated with ranibizumab after switching therapy to aflibercept.
None of the aforementioned studies evaluated prognostic factors for patients who might benefit from a switch of anti-VEGF drugs.
Clinical management of nonresponders to anti-VEGF therapy is challenging for the patient and the physician. Different options have been proposed in case of a failing response to treatment. However, there is still no common sense as to what would be the best option for the individual. In our study, a significant proportion of patients classified as nonresponders benefitted from a switch of the anti-VEGF drug (bevacizumab or ranibizumab). Thus, a switch of therapy to another anti-VEGF drug should be considered in nonresponders. Further morphologic criteria should be investigated in clinical trials to help to identify patients who might benefit from a switch of therapy.
Summary
What was known before K The majority of patients with neovascular AMD profits from the use of intravitreal injections of VEGF inhibitors such as bevacizumab and ranibizumab.
K Up to 25% of patients does not respond (anymore) to intravitreal injections of VEGF inhibitors during the course of therapy.
K Therapeutical options are limited for nonresponders.
What this study adds
K In nonresponders to anti-VEGF treatment for neovascular AMD, switching from ranibizumab to bevacizumab or vice versa can be beneficial and should be considered as an option.
Switch of anti-VEGF agents is an option for nonresponders in the treatment of AMD
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1.
You are seeing a 67-year-old woman for the initial treatment of exudative age-related macular degeneration (AMD) with reduced visual acuity. In general, what should you consider regarding the therapeutic approach to this patient?
A Intravitreal injections with pegaptanib remain the standard of care B Bevacizumab is more efficacious than ranibizumab C Up to one quarter of patients fail to benefit from intravitreal anti-vascular endothelial growth factor (VEGF) therapy D Photodynamic therapy is now considered a first-line treatment option
2.
This patient receives monthly treatment with intravitreal bevacizumab, but her condition fails to improve after 4 months. 
